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Abstract 



^ ■ The strange sea quarks distributions of nucleons obtained by two global 



analyses based on available structure function data of muon and neutrino 
deep inelastic scatterings are different from the strange sea quark distribu- 
tion measured by the CCFR Collaboration from dimuon events in neutrino 
scattering. We discuss possible contributions to this discrepancy from the 
nuclear shadowing in the deuteron and from the isospin symmetry breaking 
in the sea between the neutron and the proton. 
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The global analyses of quark distributions of nucleons are undergoing 
rapid progress due to the increased precision of deep inelastic lepton scatter- 
ing data The New Muon Collaboration (NMC) data on from muon 
scattering []|] and Columbia-Chicago-Fermilab-Rochester (CCFR) data on 
i*2*3 from neutrino and antineutrino scatterings Q have been used by the 
CTEQ Collaboration Q and the Durham-RAL group (MRS) || in their 
global analyses of quark distributions. The new strange sea quark distribu- 
tions are found to be larger than those of earlier fits. A strange quark dis- 
tribution from a leading-order QCD analysis of opposite-sign dimuon events 
induced by neutrino scattering has been presented by the CCFR Collabo- 
ration recently ||. From Fig. 1, where the CCFR, CTEQ and MRS results 
of strange quark distribution are presented, we see that there is a discrep- 
ancy between the strange quark distribution from dimuon events in neutrino 
scattering and those of the global analyses. We will discuss in this paper 
the contributions to this discrepancy from the nuclear shadowing effect in 
the deuteron and from the isospin symmetry breaking in the sea between 
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the neutron and proton. 

The CTEQ and MRS global analyses are mainly based on data of struc- 
ture functions from muon deep inelastic scattering on protons and deu- 
terium, and from neutrino deep inelastic scattering on nuclear targets, which 
when expressed in terms of quark distributions, read 

FJ?-Ff n = ±x(u + u-d-l) ] (1) 

Ft = + Ft) = ^x(u + u + d + d+y ; (2) 

Ft = \{F2° + Fi D ) = x(u + u + d + d + 2s); (3) 

xFf = \x{FZ D + Fi D ) = x(u-u + d-d), (4) 

where F%f are converted from -F^f 6 using a heavy-target correction factor, 
with i^23 denoting 5 (-^2 3 + -^23 )• These four observables determine four 
combinations of parton distributions, which can be taken to be u + u, d + d, 
u + d and s by assuming s(x) = s(x). From Eqs. (g) and (|3|), we obtain the 
equality 

^Ft(x)-3Ft(x)=xs(x). (5) 

The CTEQ Collaboration also plotted the quantity on the left-hand side of 
this equation at Q 2 = 5 GeV 2 using data from NMC and CCFR, as shown 
in Fig. 1. We thus know that the large strange quark distributions in both 
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the CTEQ and MRS global analyses are natural results of the data of the 
muon structure function of deuterium and the neutrino structure function 
F% d converted from i 7 ^ 6 . The smaller MRS strange quark distribution 
compared to that of CTEQ is due to a renormalization factor 0.94 for the 
CCFR structure function data. We will show, in the following, that several 
nuclear effects could contribute to the right-hand side of Eq. (||) . 

We first consider the nuclear shadowing correction in the deuteron struc- 
ture function 

F!f = X - (F-f + F£ n + AFf) , (6) 

which was chosen to ignore the shadowing term AFJ^ and assumed to be 
Eq. (|) by NMC, CTEQ, and MRS. The sign of AF^ d is negative, thus 
it contributes positively to the left-hand side of Eq. (||). There have been 
several theoretical works on the shadowing correction in the deuteron with 
different predictions about the magnitude |@]-@. One work j?]] has suggested 
a significant amount of shadowing in the deuteron (up to 4% for x ~ 0.01), 
whereas other calculations have predicted less dramatic effects (2% in Ref. ]|] 
and 1% in Ref. ||). In Fig. 1 we present our calculated \AF% following 
Ref. [j?]], which gives the most large theoretical estimate among available 
works. We see that this most large estimate is of about 30% of the strange 
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quark distribution measured by CCFR, and it can explain the discrepancy 
between the results by CCFR dimuon measurement and by MRS. However, 
it is too small to explain the discrepancy between the results by CCFR and 
by CTEQ. 

Then we analyse the corrections due to isospin symmetry breaking in the 
neutrino structure function F% , which was converted by CTEQ and MRS 
from CCFR F2 Fe data using a heavy-target correction factor. Actually the 
CCFR F2 Fe data were from a combination of neutrino and antineutrino 
data and it should be i^^ 6 + F2 Fe . Thus F 2 should be expressed by 

Ff(x) = (ZF» P + NFD/A = + FT) + "0^" " (?) 

where / = (N — Z)/A is the isotopic asymmetry parameter for Fe. If we 
assume isospin symmetry between the proton and the neutron, i.e., 

W=TO. (8) 

we can express F^ by 

*% d (x) = \{*?+*r), (9) 

which is Eq. (H|). However, it has been suggested [|kJ that the isospin sym- 
metry breaking could be an alternative source for the Gottfried sum rule 
violation reported by the New Muon Collaboration (NMC) This means 
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that there are more sea quark in neutrons than in protons, while the u- and 
d- sea symmetry is still preserved. In this case we have 

FT(x) - F» p (x) = Ax[O n q {x) - Ol(x% (10) 

where O q ,p {x) = u^^^x) = d™' p (x) are the u- and d- sea quark distribution 
in neutrons and protons. Because O q (x) — 0^(x) is positive, it contributes 
positively to the left-hand side of Eq. (||). From Ref. we know that we 
need 

J dx[0^(x) - O p q {x)\ = 0.084 (11) 

to reproduced the observed Gottfried sum Sq = 0.240 reported by NMC, by 
neglecting the shadowing correction in deuterium. If we take the shadowing 
correction as adopted above, we need 

jf* dx[0™(x) - O p q (x)] = 0.165 (12) 

to reproduced the observed Sq. This will give a larger correction to the 
left-hand side of Eq. (gj). To estimate the magnitude of the correction, we 
adopted a non-Pomeron form correction O q (x) — O'^(x) = o(l — x) b , which 



has been analyzed [12] to study the proton-induced Drell-Yan production 
data of the Fermilab experiment E772 jnj in the isospin breaking explana- 
tion for the Gottfried sum rule violation. By choosing b = 25, with a ad- 



justed to satisfy Eq. (12), we can still reproduce the E772 data for the ratio 



of cross section R = ow/fis an d for the shape of the differential cross sec- 
tion m 3 d 2 a"/dxFdm for 2 H. In Fig. 1 we present the calculated ^{F^ n — F% p ) 
due to isospin symmetry breaking. We find that the correction is of about 
4% of the strange quark distribution measured by CCFR. It is too small to 
explain the discrepancy between the results by CCFR dimuon measurement 
and by CTEQ and MRS global analyses. 

We now check the heavy-target correction factor A(x) which is used to 
convert F% Fe (x) to F% d {x)\ i.e., 

F» d {x)=A{x)Ff e {x). (13) 

Both CTEQ and MRS have adopted the correction factor A{x) by taking into 
account nuclear effects based on the muon iron/deuterium structure function 
ratios observed by EMC, NMC et ah. The exact correction factor A{x) used 
by MRS is presented in Tab. I of Ref. [||, with a further normalization factor 
0.94. A(x) used by CTEQ is expressed by 

A(x) = 1/R(x) = [1.118 - 0.4199x - 0.3597exp(-22.88x) + 1.872a; 11 - 27 ] -1 , 

(14) 

where R(x) is a parametrization of the NMC measurement of Ca/D 2 and 
the SLAC result for Fe/D 2 . We see that both the nuclear shadowing effect 
and the EMC effect have been considered in A(x). We indicate here that an 
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assumption of the absence of shadowing in neutrino scattering will reduce 
F% by an amount of (A(x) — l)F2 Fe at small x. In Fig. 1 we present the two 
points of the data ^(A(x) — l)F2 Fe (x). We see that the magnitude of the two 
points are comparable with the difference of the strange quark distribution 
parametrized by CTEQ and that by CCFR dimuon measurement. However, 
the shadowing is expected also to occur in neutrino scattering and there 
have been available WA59 data indicating a shadowing compatible with 



predictions [14]. The renormalization factor 0.94 in the MRS analysis is 
large and important at small x, as can be seen Fig. 1. This is the reason for 
the large difference between the CTEQ and MRS results of strange quark 
distributions. However, this normalization correction seems to be suitable 
at small x, but too large at larger x. 

One conclusion from our work is that it is of essential importance to 
consider all possible corrections due to nuclear effects in the available exper- 
imental data, for good and reliable global analyses of quark distributions. 
It has been discussed in this paper two possible contributions to the dis- 
crepancy between the strange quark distributions obtained by two global 
analyses and the strange quark distribution measured by the CCFR Collab- 
oration from dimuon events in neutrino scattering. The shadowing in the 
deuteron and the isospin symmetry breaking in the sea between the neutron 



and proton could provide some corrections, but are still too small to explain 
the discrepancy. This suggests that new mechanism is needed to solve the 
conflict between the strange quark distributions of the global analyses and 
those by the CCFR Collaboration from dimuon events in neutrino scatter- 
ing. An attempt to explain this conflict has been proposed recently as due 
to the strangeness quark and antiquark asymmetry in the nucleon sea and 



will be given elsewhere [15] 



The author would like to acknowledge the valuable discussions with 
J. Botts, S. J. Brodsky, and A. Schafer. This work was support by the 
Alexander von Humboldt Foundation and by the National Natural Science 
Foundation of China under grant No. 19445004. 



9 



References 

[1] For a review, 

see, J. F. Owens and W. K. Tung, Annu. Rev. Nucl .Part. Sci. 42 

(1992) 291. 

[2] NM Collab., P. Amaudruz et al, Phys. Lett. B 295 (1992) 159. 

[3] CCFR Collab., Nevis Preprints, S.R.Mishra et al, #1459; W.C.Leung 
et al, #1460; and P.Z.Quintas et al, #1461. 

[4] J. Botts, J. G. Morfin, J. F. Owens, J. Qiu, W. K. Tung, and H. Weerts, 
Phys. Lett. B 304 (1993) 159. 

[5] A. D. Martin, W. J. Stirling, and R. G. Roberts, Phys. Rev. D 47 

(1993) 867. 

[6] S. A. Rabinowitz et al, Phys. Rev. Lett. 70 (1993) 134. 

[7] V. R. Zoller, Phys. Lett. B 279 (1992) 145; Z. Phys. C 53 (1992) 443. 

[8] B. Badelek and J. Kwiecihski, Nucl. Phys. B 370 (1992) 278. 

[9] W. Melnitchouk and A. W. Thomas, Phys. Rev. D 47 (1993) 3783. 

[10] B. -Q. Ma, Phys. Lett. B 274 (1992) 111; 

B. -Q. Ma, A. Schafer, and W. Greiner, Phys. Rev. D 47 (1993) 51. 

10 



[11] NM Collab., P. Amaudruz et al, Phys. Rev. Lett. 66 (1991) 2712. 

[12] B. -Q. Ma, A. Schafer, and W. Greiner, J. Phys. G 20 (1994) 719. 

[13] P. J. McGaughey et al, Phys. Rev. Lett. 69 (1992) 1726. 

[14] P. P. Allport et al, Phys. Lett. B 232 (1989) 417. 

[15] S. J. Brodsky and B.-Q. Ma, preprint SLAC-PUB-7126, BIHEP-TH- 



96-13, |hep-ph/960439l , Phys. Lett. B (1996) in press. 



11 



Figure Captions 

Fig. 1. The results of strange quark distribution xs(x) as a function of the 
Bjorken scaling variable x. The • points are the CCFR data from 
dimuon events in neutrino scattering for Q 2 ~ 5 GeV 2 . The o points 
aretheCTEQ "data" of §F 2 ^(a;)(CCFR) -3F 2 Md (x)(NMC). The thick 
and thin solid curves are the CTEQ and MRS parametrizations of 
xs(x) for Q 2 = 5 GeV 2 . The dashed and dotted curves are corrections 
due to the large shadowing effect in F^^x) and the isospin symmetry 
breaking in F 2 1/d (x). The © points are corrections from assuming the 
absence of shadowing effect in neutrino scattering. The dash-dotted 
curve is the correction due the the normalization factor 0.94 for the 
MRS global analysis. 
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